We use the left-right symmetry model based on SU (2) L ⊗ SU (2) R ⊗ U (1) B−L gauge group with two bidoublets and one doublet Higgs fields for electroweak interaction. The lepton fields are represented as a doublet of SU(2) for both left and right fields. By using the pattern of the symmetry breaking emerges as the minimum of the Higgs potential for a range of parameters, we show that the domination of the V-A over V+A interactions is natural at the low energy. The symmetry breaking is the responsible mechanism for the up-down lepton doublet mass difference.
Introduction
Even though the Glashow-Weinberg-Salam (GWS) model for electroweak interaction (standard model for electroweak interaction) which is based on SU (2) L ⊗ U (1) Y gauge symmetry group (see for example Peskin and Schroeder [1] ) has been in succes phenomenologically, but it still far from a complete theory because the theory does not explain many fundamental problems such as neutrino mass problem, and fermions (lepton and quark) mass hierarchy [2] . Recent experimental data on atmosphere and solar neutrinos indicate strongly that the neutrinos are massive and mixed up one another [3, 4, 5, 6, 7, 8, 9] . Many theories or models have been proposed to extend the standard model of electroweak interaction. One of the interesting model is the left-right symmetry model based on the SU (2) L ⊗ SU (2) R ⊗ U (1) gauge group which is proposed by Senjanovic and Mohapatra [10] .
By intoducing two doublets Higgs fields, Senjanovic and Mohapatra found that the Higgs potential has to be minimum when we choose the asymmetric solution to the doublet Higgs fields vacuum expectation values. Within this scheme, the presence of the spontaneous parity violation at low energy is natural and the electroweak interaction based on SU (2) L ⊗ U (1) Y gauge symmetry group can be deduced from the left-right symmetry model and then it breaks into U (1) em just like GWS model. By introducing one additional bidoublet Higgs fields to break SU (2) L ⊗SU (2) R ⊗U (1) down to U (1) em , it was shown that there are two massive gauge bosons m W L and m W R where m W L << m W R , and a small neutrino mass for left-handed neutrinoes could be produced via seesaw mechanism.
Siringo [11] noticed that any viable gauge model for electroweak interactions must give an answer to the two quite different problems: (i) the breaking of symmetry from the full gauge group into electromagnetic Abelian group U (1) em giving a mass to the gauge bosons and then explains the known structure of weak interactions, and (ii) the mass matrices for fermions. In his other paper [12] , by imposing the O(2) custodial symmetry with left and right Higgs fields chosen to be a doublet of SU (2), Siringo obtained the known up-down structure of the doublet fermions masses by insertion of ad hoc fermion-Higgs interactions. Meanwhile, Montero and Pleitez [13] used the approximate custodial SU (2) L+R global symmetry to extend the GWS model. But, the O(2) custodial symmetry leads to five dimensions operator in the mass term of the Lagrangian density which is not renormalizable. A theory is renormalizable if the dimension of the operator in the Lagrangian density less than or equal to 4 [14, 15] . Thus, existency of the O(2) custodial symmetry in the the electroweak theory is still a problem.
In this paper, we use the left-right symmetry model based on SU (2) L ⊗ SU (2) R ⊗ U (1) B−L gauge group by using two bidoublets and one doublet Higgs fields to break the left-right symmetry based on SU (2) L ⊗SU (R)⊗U (1) B−L gauge group down to U (1) em and then we study the predictive power of the model to the fundamental procesess. The fermion fields are chosen to be an SU (2) doublet for both left and right fields. Thus, in Section 2 we introduce explicitly our model and evaluate the minimum Higgs field potential by choosing the appropriate vacuum expectation values of the Higgs fileds. In section 3, we explicitly give a systematic calculations of the gauge bosons and fermions masses. In section 4, we discuss our results and its implications to the fundamental processes, and finally in section 5 we present a conclusion.
The Model
The left-right symmetry model based on SU (2) L ⊗SU (2) R ⊗U (1) B−L with the following lepton fields assignment:
where l = e, µ, τ , and three Higgs fields (two bidoublets and one doublet fields) with its electromagnetic charges reads:
The bidoublet Higgs φ 1 transforms as φ 1 (2, 2, −2), φ 2 transforms as φ 2 (2, 2, −2), and Φ transforma as Φ(0, 2, 0) under SU (2) respectively. The general potential of the Higgs fields which consistent with renormalizability, gauge invariance, and discrete left-right symmetry is the following:
After explicitly performing the calculation to find out the minimum potential of the Higgs fields in Eq. (3), we obtain the following constraints:
and
From Eqs. (4) and (5), we can see that the minimum potential V (φ 1 , φ 2 , Φ) in Eq. (3) can be made to be minimum by arranging the values of the parameters λ 1 , λ 2 , β, γ, and δ. We can choose the minimum so that it has vacuum expectation values of the Higgs fields, for the domain of parameters µ 2 > α 2 , λ 2 > 2λ 1 , and e << h as follow:
This set is known as an asymmetric solution. The asymmetric solution guarantee the presence of parity violation at low energy as known today in the electroweak interactions phenomenologically. The complete Lagrangian density L in our model is given by:
where γ ν is the usual Dirac matrices, τ is the Pauli spin matrices, g is the SU (2) coupling , g ′ is the U (1) coupling, m o is the free lepton mass, G 1l and G 2l are the Yukawa couplings, and the B−L quantum number is associated with the U (1) generator in the left-right symmetry model. The relation of the B − L to the electric charge Q in the left-right symmetry model is given by [16] :
3 The Gauge Bosons and Leptons Masses
Gauge Bosons Masses
The relevant mass terms for gauge bosons can be obtained from Eq. (7), they are the sixth, seventh, eighth, ninth, and the tenth terms without i∂ µ . By substituting Eq.(6) into these relevant mass terms, we obtain:
where A 2 = e 2 + h 2 + q 2 , D 2 = e 2 + h 2 , and we have taken the value of B − L = −2 for both φ 1 and φ 2 and B − L = 0 for Φ to satisfy the requirement that the vacuum is invariant under U (1) em transformation and the photon remain massless.
To find out the gauge bosons masses explicitly, we define:
where j = L, R, and we have introduced θ W (the weak mixing angle) defined by:
By substituting Eqs. (10) and (11) into Eq. (9), we finally obtain the relevant mass terms in the Lagrangian density of the physical W ± µR , W ± µL , Z 1µR , Z 2µR , Z 1µL , Z 2µL , X µR , and A µ fields, namely:
where:
From Eq. (13) we see that the photon is massless (m γ = 0), and the bosons W, X, and Z are massive with
Leptons Masses
As one can read from Eq.(7), the leptons masses term in the Lagrangian density is:
From Eq. (14),one can see that the leptons mass terms in our model arise from two kinds of mass term, they are: (i) free lepton mass term, and (ii) Yukawa term. The free lepton mass term is the mass of the lepton as a free particle, and the Yukawa term is an additional mass to the free lepton mass which is resulted from symmetry breaking of the gauge fields.
By substituting Eqs. (1) and (6) into Eq. (14), we obtain:
where m o + G 2l e = m ν l is the neutrino mass, and m o + G 2l h = m l is the electron or muon or tauon mass. Since the value of the e << h, it implies that the values of the m ν l << m l as known today.
Discussion
By using the left-right symmetry model based on SU (2) L ⊗ SU (2) R ⊗ U (1) B−L gauge group with two bidoublets and one doublet Higgs fields, we obtain eight bosons (seven bosons to be massive and one massless) after symmetry breaking. Two bosons, W R charge boson with mass m W R and X neutral boson with mass m x , are very massive. To see qualitatively the contribution of the W R to the weak interaction at low energy, we can check it via Fermi coupling G F . The effective interactions at low energy is proportional to Fermi coupling G F . The relation of the G F to the W boson mass is given by:
Because the W R boson is very massive compared to the W L boson, then the contribution of the W R boson (with mass m W R ) interactions with leptons fields at low energy is very weak compared to the interactions of the W L boson (with mass m W L ) with the leptons fields. Thus, the structure of the electroweak interactions as known today which is dominated by the V-A interactions due to the very massiveness of the W R such that the contribution of the V+A interactions are very small. The X R neutral boson with mass m X R is a new boson.
From Eqs. (11), and (13) we obtain a relation:
By using the left-right symmetry model, the neutrino masses arise naturally. The free lepton masses m 0 should be zero if we fully adopt the GWS model which dictate that all of the leptons acquire mass after the symmetry breaking. The problem of the up-down doublet mass difference in the lepton sector can be understood qualitatively as one can seen in Eq. (15) . The up-down doublet lepton mass difference arises from the additional fermion-Higgs coupling constant G 2l with vacuum expectation values of the φ 2 . Certainly, this additional term is assigned to the the symmetry breaking. If the symmetry breaking do not take place, then one can see that the up-down mass in the lepton doublet is equal. Thus, the responsible mechanism for the difference of the up − down lepton doublet mass is the symmetry breaking. On the other hand, if there is no symmetry breaking, then the up-down lepton doublet mass is equal. The fermion-Higgs coupling G 2l is arbitrary just like the fermion-Higgs coupling in the GWS model.
Conclusion
In the scheme of a left-right symmetry model based on SU (2) L ⊗ SU (2) R ⊗ U (1) B−L gauge group with two bidoublets and one doublet Higgs fields, and the lepton fields are represented as an SU (2) doublet for both left and right fields, we obtain two very massive bosons after the symmetry breaking take place, the W R charge boson with mass m W R and the new X R neutral boson with mass m x . Because the W R bosons is very massive compared to the W L boson, thus its interactions with lepton fields are very weak compared to the interactions of the W L boson (with mass m W L ) with leptons fields. Thus, the structure of the electroweak interactions which is dominated by the V-A interactions could be understood as due to the very massiveness of the W R boson such that the contribution of the V+A interactions are very small compared to the V-A interaction at low energy. The responsible mechanism for the up − down lepton doublet mass difference is the symmetry breaking. The neutrino mass arises naturally in the left-right symmetry model. We also obtained that the weak mixing angle θ W = arctan 2g ′ g .
